An initially uniform Holcus lanatus-dominated sward came partly under hay-making and partly under sheep-grazing. Preferential grazing by sheep resulted in grazing at different intensities giving rise to a macro-pattern of various plant communities. Besides this macro-pattern a micro-pattern developed in the grazed area, which was absent under hay-making. In the micro-pattern short, heavily grazed areas alternated with taller, lightly grazed patches, both having the same species composition. The heavily grazed area was characterized by equal amounts of monocots and dicots. The lightly grazed patches were dominated by Agrostis tenuis, and had a large amount of litter which probably causes the absence of mosses. The protein percentage of green material is higher in the heavily grazed areas than in the lightly grazed patches.
Introduction
Large areas of grassland with marginal agricultural value are being abandoned in the Netherlands and elsewhere in Western Europe, e.g. Germany (Ellenberg, 1978) . Continuation of agricultural practices is usually too labour-intensive to be economically feasible in view of the low yields. Left to run wild, former hay-fields may turn into swards with litter accumulation, communities of tall grasses, sedges and forbs, while former pastures may turn into woodland (Ellenberg, 1978) . In the Netherlands such land is often acquired by the State or by private organizations for landscape -or nature way (1976) and Job & Taylor (1978) reached similar conclusions for upland sheep-grazing. Hunter (1962) demonstrated selectivity with various sheepgrazing intensities on different upland grassland communities in Scotland. Kltitzli (1965) showed that in grassland in Switzerland roe deer prefer Arrhenatheretum meadows. With respect to scale, we call the above selectivity patterns macro-patterns.
Besides selectivity on the vegetation type level there is preference or avoidance of species resulting in a mosaic of taller tufts interspersed with shorter vegetation. With respect to scale, we call this a micro-pattern. Hunter (1962) mentioned clumps of Juncus effusus and Deschampsia cespitosa in moist grassland. Nicholson et al. (1970) noticed Nardus stricta tussocks in uplands. Bakker & Ruyter (1981) found clumps ofJuncus maritimus on a salt marsh.
Often, descriptions of this kind are the result of a single study and no comparison is made with the previous situation of the area.
The present paper deals with (i) vegetational succession originating from an initially uniform sward under hay-making and grazing of various intensities, (ii) the stability of micro-patterns.
Methods
The fenced-in study area, the Westerholt (Province of Drenthe, The Netherlands, 53°01'N, 6 ° l l'E) comprises 3 ha of Calluna vulgaris/Erica tetralix heathland, 2 ha of deciduous woodland (Betula spp. and Salix spp.) and 6 ha of pasture land which was originally heathland but ploughed and sown to grass in the 1950's. Until 1972 the grassland was fertilized, and used for hay production. The aftermath was grazed by cattle. No fertilizers have been applied since 1971. In October 1972 sheep were introduced to graze the whole area at an average stocking rate of 3 sheep/ha. Twenty-five sheep grazed during the period July-December and 40 between January-July. In the spring of 1980 the sheep were replaced by a new flock. Since 1980 the area has received a winter rest period of 2 months from grazing.
In 1972, before grazing started, a number of permanent quadrats (p.q.'s) each 2 X 2 m, were laid on the uniform moist grassland then dominated by Holcus lanatus, and recorded annually using the Braun-Blanquet approach. Litter accumulation was used according to Job & Taylor (1978) to determine grazing intensity. Three grazing intensity classes for the p.q.'s were applied: lightly grazed >70% litter cover, heavily grazed with < 30%, and intermediate grazing. The amount of litter was determined in February 1982, because at the end of the winter period differences between heavily and lightly grazed areas are maximal. Litter cover and thickness were positively correlated (r = 0.909) according to Veldman (1983) .
A mosaic of taller tufts interspersed with shorter vegetation appeared only in the grazed area. This mosaic was roughly quantified in July 1982 in 6 m transects by determining the canopy height at 15 cm intervals using a disc (• 15 cm, 19 g) that could be dropped down a calibrated stick. Height class patterns were determined using a test for trend.
Fixation of the mosaic was also determined. A detailed charting of the mosaic was made in October 1979 in one ( 10 X 10 m 2) site. Areas with a canopy height <~ 5 cm and little litter accumulation were recorded as heavily grazed, patches with a canopy height ~> 10 cm and more litter accumulation as lightly grazed. Due to the sharp boundaries an intermediate height class was absent. The charting was repeated several times until the autumn of 1982. The map patterns were compared using an overlay with 200 randomly placed points. A chisquare based point correlation test was used to determine their correlation.
If the mosaic was fixed, differences in soil compaction among heavily grazed areas and lightly grazed patches are expected. Soil resistance was recorded (n = 20) with a soil penetrometer after a very wet period, under waterlogged conditions. Species abundance was quantified on a dry weight basis. The aerial biomass was clipped in five cores of 78.5 cm 2 in heavily grazed areas and lightly grazed patches at surface level and separated into live and dead portions. Crude protein % was measured in the tops of the live portions. The same subsets of p.q.'s had been used in determining the abundance of species in 1972 at the start of the experiment. Table 1 shows an initially uniform sward in the moist grassland area, before grazing and hay-making started. Figure I shows the canopy height along transects in the grazed and hayed area in July 1982, developed from the sward. The vegetation in the haymaking area is on average taller than in the grazing area. The sequence of points is random at hay-making, whereas the sequence is cyclical at grazing (p < 0.02). Thus with grazing a mosaic of taller tufts interspersed with shorter vegetation has developed. The diameter of the tufts can range from 0.5 m to a maximum of 3 m (Fig. 1) . It should be noted that these tufts are often smaller than the size of the p.q.'s. The appearance of the micro-pattern can also be derived from the photograph in Figure 2 comparing part of the study area inside and outside the fence in 1982. The vegetation has a uniform appearance on the hay-making side of the fence, whereas a mosaic exists in the grazed area. Figure 3 reveals the micro-pattern in a l0 X 10 m 2 area in 1979 (Fig. 3A) and in 1981 (Fig. 3B) . Clearly, centers exist both in the lightly grazed taller canopy and in the heavily grazed lower canopy as well as an intermediate zone with a mixture of the two types (Fig. 3C) . It is noticeable from the chartings that the patterns resemble each other more at a short interval of charting than at a longer interval (Fig. 4) . Moreover, after two years the resemblance does not diminish any further and remains significant (p (0.05). Hence it is concluded that the micro-pattern found does not randomly change from year to year, but was fixed under the grazingregime. Another indication of the constancy of the mosaic is the great difference in soil resistance among heavily grazed areas 11.5 (_+ 2.3) kg.cm 2, as compared to the lightly grazed patches 5.5 (_+ 0.7) kg.cm 2.
Results
Species compositions in the short, heavily grazed areas and the taller, lightly grazed patches are listed in Table 2 . They differ only slightly, but the abundances of occurring species differ considerably. The amount of Agrostis tenuis in the lightly grazed patches is striking; it represents most of the green aerial biomass of the monocots. The dry weight amount of dicots in the lightly grazed patches equals that of the heavily grazed areas. Due to the small amount of green aerial biomass the dieot biomass percentage is relatively large in the heavily grazed areas. The larger amount of dead plant material in the lightly grazed patches than in the heavily grazed areas indicates litter accumulation in the former. It probably causes the absence of mosses. The heavily grazed areas reveal a higher crude protein % than the lightly grazed patches.
The heavily grazed areas resemble the p.q.'s under high grazing intensity, whereas the lightly grazed patches resemble the p.q.'s under light grazing intensity (Table 1) . Thus species composition and abundance, as well as litter accumulation on the scale of the whole grassland area (macro-pattern) can also be found in micro-patterns within the p.q.'s.
Discussion

Macro-patterns
Hunter (1962), Kl6tzli (1965) , Wielgolaski (1976), Charles et al. (1977) and Job& Taylor (1978) found macro-patterns in plant communities dominated by (Bakker et aL, 1983) .
In the above situations grazing probably took place for long periods, maybe centuries, so the vegetation composition at the beginning of the grazing and a possible earlier development of the macropattern is not known. The plant communities mentioned all occur on particular soil types. Thus the macro-patterns of plant communities and hence the macro-patterns of grazing intensities reflect the affinities between vegetation types and soil types. It can be concluded that the observed patterns of grazing intensity are imposed by the patterns of plant communities.
Little information is available on the constancy in the above-mentioned grazing patterns. Hunter (1962) measured that preference among sward types varied seasonally in the same way during three years of observation. He mentioned no influence of the grazing pattern upon the plant community pattern. In the Westerholt study area Bakker et al. (1983) found that the annual occupancy patterns of the sheep had been fairly constant from 1974 1978. Moreover, in this case it is known that the grazing pattern influences the plant community macro-pattern. The initially uniform Holcus lanatus sward diverged into several new communities corresponding with grazing intensity or occupancy patterns of the sheep. Grassland sections with greater occupancy contained the shorter vegetation, higher rosette plant cover and, to a lesser extent, greater persistence of Lolium perenne (Bakker et al., 1983) . These results accord with those presented in Table 1 . Hunter (1962) , Nicholson et al. (1970) and Bakker & Ruyter (1981) found micro-patterns in grazing intensity due to avoidance of species. Btirkle (1980) mentioned an increase of Agrostis tenuis, Deschampsia cespitosa and Nardus stricta within four years under continuous grazing in Germany, but gives no information about pattern development. Nicholson et al. (1970) described the development in a Nardus stricta, Festuca ovina, Molinia caerulea, Anthoxanthum odoratum sward of Nardus stricta tussocks under heavy grazing (2.5 sheep per ha). Single plants or clumps of Anthoxanthum odoratum or young Molinia caerulea shoots provided the loci which were initially moderately grazed. As grazing increased around the edges of these patches, material tended to be taken less selectively, close grazing of the initial centers and expanding outwards produced a patchwork of closegrazed areas. The close-grazed areas eventually joined and grazing pressure over the entire area became relatively uniform, except for isolated areas that were partly rejected usually Nardus stricta tussocks.
Micro-patterns
The constancy of the micro-patterns revealed by the above authors seems likely, because the avoidance of species will remain. Hunter (1962) revealed that the taller tufts consist of one avoided species by mentioning that sheep graze on the grass between the Juncus effusus clumps. It can be concluded that the micro-patterns in grazing had been determined by the presence of isolated tussocks or clumps of individuals of avoided species in the canopy before grazing started.
At the Westerholt study area, small clumps of Juncus effusus exist. However, the taller tufts of lightly grazed patches in the micro-pattern do not consist of one single species, but have nearly the same species composition as the heavily grazed areas (Table 2 ). Since especially avoided species are absent, it is suggested that random grazing in the initially uniform Holcus lanatus sward at the beginning of the grazing experiment initiated the development of the micro-patterns.
The -artificial -development of heavily grazed areas and lightly grazed patches was also noticed in uniform heathland by Grant & Hunter (1968) . They burnt small areas at various intervals and measured sheep preference for the recently burnt areas. Norman (1957) reported patchiness within two years in a chalk pasture trial in the United Kingdom brought about by under-grazing. Van Leeuwen & van der Maarel (1971) described a grassland-scrub mosaic in the dunes with abrupt borders between the two components, due to rabbit-grazing. When rabbitgrazing stopped the differentiated micro-pattern became replaced by a coarser one.
A micro-pattern with large abiotic differences and differences in species composition among heavily grazed areas and lightly grazed patches was mentioned by Pigott (1956) and Regnell (1980) . They described peaty tussocks on a calcareous and loamy subsoil, but their development was uncertain. The development of tussocks in marshes on the slopes of Upper Teesdale was considered to be the residual parts of an initially continuous turf, split by trampling cattle and subsequent water erosion (Pigott, 1956) . The tussocks in S Sweden had perhaps developed in a similar way from continuous turf in the hay-meadows of the 18th century. Anyway, these tussocks do not seem to be generally dependent on the growth form of certain species, e.g. Molinia caerula or Schoenus nigricans (Regnell, 1980) . Important abiotic differences among tussocks and depression are found. This finding in combination with the age of the tussocks explains their diverging composition.
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Evidently the grazing and trampling of cattle is essential to maintain the tussocky vegetation in the calcareous marshes. In the ungrazed parts almost nothing can be seen of tussocks. On the other hand, tussocks once formed perpetuate and govern the trampling pattern of the cattle. Out of 117 'steps', observed on freely grazing cattle, 106 were placed in depressions, 5 in an intermediate position, and only 6 on tussocks (Regnell, 1980) . It also lead to a considerable compactness in the depressions, as was found in the heavily grazed areas in the Westerholt study area. Such a positive correlation between trampling and soil resistance is well documented (Langlands & Bennett, 1973a; Crawford & Liddle, 1977; Witschi & Michalk, 1979; BtilowOlsen, 1980) .
Interaction between vegetation patterns and grazing patterns
A fixed vegetation pattern results in micro-climatological differences among heavily grazed areas and lightly grazed patches. Differing conditions (as demonstrated by the soil resistance), may subsequently affect germination and seedling establishment. For instance, a dense sward prevents seedling establishment of Plantago major (Blom, 1977) , and Bellis perennis, Trifolium repens, Rumex acetosella (Harper, 1977) , and Taraxacum sp. (M~lgaard, 1977) develop much better in a periodically cut than in an undisturbed sward. Eventually the species composition of heavily grazed areas and lightly grazed patches might diverge; the question is at what time interval?
Species diversity is expected to remain rather low due to litter accumulation at the lightly grazed patches (Grime, 1979) . However, species diversity will remain low at the heavily grazed areas due to the high frequency of disturbance (Huston, 1979) .
Once formed, the mosaic of heavily grazed areas and lightly grazed patches probably governs the grazing pattern. Grazing and litter accumulation in lightly grazed patches were negatively correlated under sheep-grazing in Wales and in Scotland according to Job & Taylor (1978) and Hodgson & Grant (1981) , and under cattle grazing in Idaho according to Leege et al. (1981) . Btilow-Olsen (1980) showed that cattle grazing reduced the amount of dead plant material from 4 to 1 t.ha -I within 2-3 years in Deschampsiaflexuosa-dominated grassland in Denmark. Standing dead mate-rial reportedly discouraged utilization of green forage by deer, and both cattle and deer preferred sites where litter was removed by burning or cutting in an Agropyron spicatum-dominated sward in the United States (Willms et al., 1980) . In a uniform Phalaris/Trifolium pasture in Australia, Langlands & Bennett (1973 b) found that the ability of sheep to select green material of high digestibility was impaired at low stocking rates. This was due to the dilution of green forage by dead material which had not been consumed in previous years.
Repeated defoliation in the heavily grazed areas stimulates tillering (Harper, 1977; Witchi & Michalk, 1979) . Prevention of flowering and subsequent regrowth ofAgrostis tenuis provides a higher level of digestibility than found in flowering plants and hence will stimulate further grazing (Black, 1957) . The protein content differences (Table 2) can be attributed to a greate proportion of young leaves, which generally have a high protein content and a relatively low percentage of cell wall components (Arnold, 1964; Stobbs, 1973; Mattson, 1980) . The sheep preference for recently burnt heathland areas was correlated with a high N content of heather leaves (Grant & Hunter, 1968) . Frame & Hunt (1971) found that in grass swards the frequently defoliated herbage had a higher percentage of crude protein than that of other treatments. Btirkle (1980) found more crude protein when the remainder was mown than in the part not cut of a continuously grazed area. More young leaves and a higher leaf/stem ratio result in a higher preference (Davies, 1925) probably due to a higher digestibility of forage (Stobbs, 1973) .
The present study demonstrates that Agrostis tenuis is hardly grazed in lightly grazed patches, but heavily exploited in heavily grazed areas, so its preference might depend on the condition in which sheep keep their forage. Nicholson et al. (1970) found that the unpalatable species Nardus stricta is eaten in a dense mass of interwoven leaves and shoots, but avoided when Nardus tufts were fairly isolated. Thus the'preferred species' concept should be treated with caution. Agrostis tenuis and Holcus lanatus have a low forage value when compared with Loliurn perenne, but a high value with respect to Festuca ovina (Klapp, 1965) . Preference should be considered against the background of the choice the foraging animal can make (Davies, 1925) . For a better understanding of micro-pattern development it may be required to determine crude protein, percentage of cell wall components, digestibility for the same species under different grazing pressures. Experiments involving exclusion of the heavily grazed areas and cutting the lightly grazed patches are in progress.
It can be concluded that the heavily grazed areas have a higher forage quality than the lightly grazed patches. This implies another level of forage selectivity than the vegetation type level (Wielgolaski, 1976; Charles et al., 1977; Job & Taylor, 1978) . There is a preference for specific sites with a high forage quality. Like good farmers the sheep maintain these sites by their feeding strategy. Heavily grazing results in a high protein content of the forage and hence attracts animals again. Light grazing results in a relatively low protein content of the forage, with litter accumulation and subsequent avoidance by the animals.
